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Introduction
Multiple myeloma (MM) is a relatively frequent plasma cell neoplasm. Clinical symptoms dependent on bone marrow myeloma expansion are associated with skeletal destruction, infection and renal failure. However, other clinical symptoms may also occur, including neurological symptoms, which are usually a result of hypercalcemia or compression of the spi nal column. Occasionally, an apoplectic manifestation of MM has been reported. The following is a report on the MM history in two female patients; one of them developed a skull tumour that compressed the cerebrum and resulted in hemiparesis and aphasia as the initial presentation of the disease. The other patient developed very similar symptoms, however, they appeared at the end stage of the disease.
Patient 1
A 60-year-old female was admitted to the emergency unit with aphasia, limited logical contact and right upper extremity paresis that appeared the previous day. Gradual deterioration in speech, difficulties in constructing sentences and impeded comprehension were present for the last seven months.
On admission, the patient showed vestigial logical contact. The neurological examination showed comple-te motor and partial sensory aphasia with right-sided hemiparesis. In addition, a tumour in the left frontoparietal region of the skull was found by palpation. On CT examination, the tumour was located in the cranial vault infiltrating the overlying subcutaneous tissue as well as the adjacent cranial cavity, compressing the frontal and the parietal lobe (Fig. 1) . A ste reotactic biopsy was performed and the diagnosis of plasma cell neoplasm was rendered (Fig. 2) . It was confirmed by immunostaining with CD138 ( Fig. 3) and CD56 (Fig. 4) .
Bone marrow aspiration cytology showed features of megaloblastic anaemia and the presence of plasmacytoid cells. Multiple myeloma was suspected and subsequently confirmed by an elevated IgG serum level and a strong monoclonal IgG kappa band (monoclonal band -42%). Whole body radiography revealed osteolytic lesions in the parietal bone and the ribs. Radiotherapy to the left frontoparietal region of the skull (20 Gy/5 fraction) and three courses of dexamethasone (40 mg/day) were administered. The treatment resulted in improvement of laboratory parameters and neurological condition. Paresis and aphasia subsided, but the patient still presented symptoms of the frontal lobe syndrome. She was transferred to the Department of Haematology for further treatment.
Patient 2
In June 2003, a 69-year-old female was admitted to a municipal hospital for a clinical work-up of a pro- gressively worsening anaemia. The myelogram showed an increase in the number of plasma cells (ca. 30% of nucleated bone marrow elements). A monoclonal peak in the gamma globulin fraction of the blood plasma proteins was also revealed. Upon X-ray examination, multiple osteolytic foci in the skull were found, with the largest one in the left parietal bone (50 mm in diameter), iliac crest, pelvic bones and proximal femur, as well as features of generalized osteoporosis.
The patient was initially treated with 3 courses of VMCP/VBAP and 6 courses of dexamethasone with a partial clinical response, followed by 4 courses of BCD. A long-standing decrease in the number of plasma cells in the bone marrow was noted. Her clinical picture was uneventful except for two episodes of pneumonia.
In July 2007, the patient was admitted to the Department of Neurology due to a partial motor epileptic seizure involving both right limbs with persisting muscle weakness and speech disturbances. On physical examination, a palpable mass in the left frontoparietal area was found. On neurological examination, the right pyramidal syndrome was identified, with a high de gree of hemiparesis and sensorimotor aphasia.
Upon CT investigation, multiple osteolytic lesions in the skullcap were found, the largest one was located in the frontoparietal region, with a diameter of 60 mm. In the vicinity of the largest osteolytic lesion in the left cranial vault, a hyperintensive pathological structure 100 x 80 mm in size was found showing contrast enhancement. The larger portion of the lesion was located extracranially, the smaller one (50 x 32 mm) -intracranially. The latter exerted mass effect on the cortical sulci of the left brain hemisphere, left lateral ventricle with a shift of the median structures 6 mm to the contralateral side (Fig. 5) . This lesion showed strong contrast enhancement (Fig. 6) . The fine needle aspiration biopsy of this lesion identified scattered cells and small groups of plasma cells (Fig. 7) .
The patient was initially treated with dexamethasone and intravenous infusion of 20% mannitol. Due to the extensiveness of the local disease and direct proxi mity of the sagittal sinus, neurosurgical treatment was not introduced. The conservative treatment was continued and she was admitted to the Department of Radiotherapy, where she received palliative brain irradiation, 20 Gray in 4 fractions. Despite a slight decrease in the tumour size and a fall in the plasma gamma globulin level, the clinical symptoms of paresis increased. Thalidomide (200 mg/day) was started, but the patient died one month after the radiotherapy. F Fi ig g. . 6 6. . Strong contrast enhancement of the lesion.
F Fi ig g. . 7 7. . Multiple plasma cells in aspirate from the skull tumour of patient 2.
Discussion
Neurological presentation occurs rarely in the course of multiple myeloma. Only individual case reports and small series described such symptomatology, including cranial nerve palsy [8] , visual loss [6] or motor seizures [13] . The apoplectic symptoms are even more uncommon in MM. Stroke is defined as an abrupt onset of focal or global neurological symptoms caused by ischemia or haemorrhage. By convention, these symptoms must continue for more than 24 hours, otherwise such an episode is referred to as a transient ischemic attack (TIA) [7] .
Ischemic stroke is a consequence of impaired blood supply to a certain area of the brain while haemorrhage is caused by bleeding outside the injured vessel within the CNS [7] . Most examples of an ischemic stroke result from atherosclerosis or thromboembolic events in an arterial vessel [7] .
Haematological conditions are an unusual cause of ischemic stroke accounting for approximately 1% of first-time stroke patients [1, 2] . They include disturbances of hemostasis, e.g. increased thrombogenic activity of the blood plasma, decreased performance of antithrombotic mechanisms, abnormalities of platelet function, anaemias, (sickle cell anaemia and thalassemias), as well as an increased blood viscosity as occurs in polycythemia or hyperviscosity syndrome [7] .
Hyperviscosity syndrome is a clinical entity caused by an increased resistance to blood flow, frequently caused by hypergammaglobulinemia that is monoclonal in the majority of cases. Hyperviscosity syndrome occurring in plasma cell dyscrasias is most frequent in Waldenstrom's macroglobulinemia. Hyperviscosity syndrome may present with constitutional symptoms, bleeding, ocular, neurological and cardiovascular manifestations [9] . Neurological symptoms include headaches, vertigo, tinnitus, difficulty in concentrating, impaired hearing, ataxia and somnolence. Stroke is very uncommon [9] .
In the literature, we found 3 patients with multiple myeloma that presented with stroke in the course of disease. This clinical appearance most probably depends on the hyperviscosity syndrome as all these patients had highly increased serum levels of gamma globulin [2, 4, 12] . One patient with MM was reported as suffering from an ischemic infarct. Low serum levels of monoclonal protein and presence of other risk factors (hypertension and history of TIA) did not indicate MM as the main causative factor of this is chemic episode [1] .
An additional pathogenic factor of ischemic stroke is a thromboembolic event, but as of now not a single case has been suggested in MM patients.
Arterial hypertension is the most frequent cause of intracranial haemorrhage. It is responsible for about 50% of cases. Intracranial bleeding occurs in approximately 8% of cases with primary and metastatic tumours. Glioblastoma predominates among primary tumours affected by bleeding, whereas metastases of bronchogenic carcinoma, choriocarcinoma, melanoma and renal cell carcinoma are the most common sources of intracranial haemorrhage in the secondary neoplasms of the CNS [7] .
As multiple myeloma involvement of the CNS is rare [13] , intracranial haemorrhage of the tumour is an extraordinary event in clinical practice. Only one case report of a 57-year-old male can be found in the literature. The patient presented with a strong headache, right-sided hemiparesis, confusion and dysphasia due to haemorrhage of the plasma cell tumour. The tumour involved the left temporal lobe, dura, sphenoid ridge and the squamous portion of the temporal lobe [3] .
Another potential pathomechanism of stroke in patients with MM is subdural hematoma. Although it is usually dependent on head trauma, such a relationship was not established in any of the three patients with MM and subdural hematoma [1, 10, 11] . Additionally, a similar presentation was described in a patient with plasma cell leukaemia [10] . Thrombocytopenia and hyperviscosity syndrome were suggested as a potential pathogenic cause in this case.
Stroke-like symptoms (paresis and aphasia) may also result from direct local expansion of the neoplastic tissue in the brain. Our two patients seemingly presented with such a pathomechanism of their symptoms. We have not successfully retrieved similar cases of MM patients, although such a presentation may occur in primary and metastatic tumours of the CNS [5] .
Our two cases are unique as their clinical presentation was seemingly dependent on direct compression of the brain tissue by tumour mass. This seems more probable since we did not observe any sign of bleeding, hypoxia or infarction within the skull cavity. The appearance of the clinical symptoms may also result from a relatively rapid growth of the MM in our cases. In the literature, the symptoms of stroke were usually secondary to the impaired blood supply due to changed rheological Pseudo-stroke manifestation of multiple myeloma properties of the blood [2, 4, 12] , observed regularly in the course of MM, or secondary to the bleeding into the skull cavity [1,3,10] so they were not attributed to the growth properties of the tumour cells.
Conclusions
We described two very unusual presentations of MM patients with stroke symptomatology secondary to mass effect on brain tissue.
Although symptoms originating from the CNS are infrequent in MM patients, stroke symptomatology can be observed as MM involvement of the CNS and occasionally it can be found as the initial manifestation.
